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SUMMARY A postmortem investigation was carried out of 19 heart specimens with transposition of the
great arteries, ventricular septal defect, and congenital subvalvular pulmonary stenosis. Certain types of
obstruction appeared to be closely related to other features of the hearts.

In cases with malaligument of the infundibular septum, the obstruction was caused by this septum

and the anterolateral muscle bundle of the left ventricle. If the infundibular septum was deviated
considerably to the left, the pulmonary stenosis was usually severe because the infundibular septum and
anterolateral muscle bundle were joined. This junction resulted in a relatively posterior position of the
pulmonary orifice in the left ventride. A less extreme deviation of the infundibular septum resulted in
an obstruction by this septum and by the anterolateral muscle bundle, situated at the right and the
left sides of the pulmonary orifice respectively.

In some cases of paratricuspid ventricular septal defect an anomalously attached and cleft anterior
leaflet of the mitral valve was found. This, together with a leftward deviation of the anterior left ventri-
cular part ofthe ventricular septum, caused the obstruction.

Subvalvular pulmonary stenosis in transposition of
the great arteries with ventricular septal defect
comprises a variety of obstructing factors, summed
up within one term. The obstruction may vary
from a single one to a combination of several
complex abnormal structures and orientations
(Elliott et al., 1963; Shaher et al., 1967a, 1967b;
Daicoffet al., 1969;Rastelli et al, 1969; Fisher et al.,
1970; Imamura et al., 1971; Quero-Jimenez et al.,
1973; Shaher, 1973; Quero-Jimenez and Perez
Martinez, 1974; Lancelin et al., 1975; Quero-
Jimenez et al., 1975; Shrivastava et al., 1976;
Buihlmeyer et al., 1977; Quero-Jimenez etcal., 1977;
Van Praagh, 1977).

If we exclude cases with other malformations,
nonvalvular pulmonary stenosis in transposition of
the great arteries with ventricular septal defect in
the published reports is described in about 7 to 25
per cent of cases of transposition coming to necropsy
(Lev et al., 1961; Elliott et al., 1963; Shaher et al.,
1967b; Paul et al., 1968; Imamura et a!., 1971;
Quero-Jimenez et al., 1973; Shaher, 1973; Van
Praagh, 1977).
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In our collection of 150 heart-lung specimens
with d-transposition of the great arteries, there were
19 specimens with the combination transposition
of the great arteries, ventricular septal defect, and
clinical subvalvular pulmonary stenosis. In this
paper a detailed description is given of the various
structures, causing the subvalvular stenosis.

Definitions

Transposition of the great arteries is said to occur
when the aorta arises from the morphologically
right ventricle and the pulmonary trunk arises from
the morphologically left ventricle. The infundibular
septum is the structure interposing between two
semilunar valves (Lev, 1972; Anderson et al., 1977),
and in normal hearts it is incorporated on top of the
ventricular septum; in the case of a malorientation
of the infundibular septum a malalignment ventri-
cular septal defect may result (Fig. la, 2a). The
anterolateral muscle bundle of the left ventricle
separates the anterior leaflet of the mitral valve from
the anterior border of the left ventricle. It borders
on the left sumilunar cusp and extends into the
anterolateral wall of the left ventricle (Fig. lb, 2b)
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Fig. l(a) Interior of the right ventricle of a heart with
transposition of the great arteries and malalignment
ventricular septal defect with extreme leftward deviation
of the infundibular septum (I). The ventricular septal
defect is partly bounded by aortic valve cusp, and is
indicated by a dotted line. A, aortic orifice; T, tricuspid
orifice. (b) Interior of the left ventricle; same heart as
Fig. la. The anterolateral muscle bundle of the left
ventricle (ALM) is present, it joins the infundibular septum
(I). The pulmonary orifice (P) is displaced posteriorly. M,
mitral orifice.

(Moulaert, 1974; Moulaert and Oppenheimer-
Dekker, 1976). The anterolateral muscle bundle of
the left ventricle is found in about 50 per cent of
normal hearts and in about 70 per cent of hearts
with transposition (Oppenheimer-Dekker et al.,
1976).

Anatomical descriptions

Study of the 19 hearts under discussion showed
that while the morphology of the right ventricle
was variable the majority of these postmortem
specimens formed a distinct group. Morphological
features of the right ventricle were linked to left
ventricular characteristics.
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Fig. 2(a) Interior of the right ventricle of a heart with
transposition of the great arteries and malalignment
ventricular septal defect with less extreme leftward
deviation of the infundibular septum (I). A, aortic orifice;
T, tricuspid orifice. (b) Interior of the left ventricle; same
heart as Fig. 2a. Obstructingfactors are the anterolateral
muscle bundle of the left ventricle (ALM) and the
infundibular septun (I), at the left and the right of the
pulmonary orifice (P), respectively. M, mitral orifice.

I: TRANSPOSITION OF THE GREAT ARTERIES
WITH MALALIGNMENT VENTRICULAR SEPTAL
DEFECT
In 11 specimens there was an abnormal posterior
orientation of the infundibular septum which
extended into the left ventricle and resulted in an
interventricular communication (Fig. la, 2a). In
6 cases this deviation resulted in an extreme leftward
orientation of the infundibular septum; in the
remaining 5 cases the leftward deviation was less in
degree.
Normally the infundibular septum is incorporated

on top of the ventricular septum. The consequence
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of an extreme leftward deviation of the infundibular
septum is the location of the ventricular septal defect
high in the right ventricular outflow tract, bounded
superiorly by the under side of the posterior half of
the aortic valve. A somewhat less severe deviation
may also result in a high ventricular septal defect,
but separated from the aortic orifice by the deviated
infundibular septum.

In the 6 cases of an extreme leftward deviation
of the infundibular septum and a ventricular septal
defect situated high in the right ventricular outflow
tract and partly bounded by aortic valve cusp, the
ventricular septal defect was of a moderate to large
size. In the left ventricle the outflow tract was
obstructed at its right side by the deviated infundi-
bular septum. Moreover, in 5 of the 6 specimens a
prominent anterolateral muscle bundle of the left
ventricle contributed to narrowing of the left
ventricular outflow tract, mainly at its left side
(Fig. la, lb).

Both structures, infundibular septum and antero-
lateral muscle bundle of the left ventricle, joined at
the anterior side of the pulmonary orifice. Thus,
they were responsible for a posterior displacement
of this orifice in the left ventricular outflow tract
and consequently for its narrowing. Pulmonary
mitral continuity was present in all cases. In the one
specimen without an anterolateral muscle bundle
of the left ventricle the obstruction was caused
partly by a thickened anterior left ventricular wall.
In these 6 specimens the subpulmonary stenosis
was mostly severe, and in 2 cases it was associated
with valvular pulmonary stenosis.

In the 5 cases with less extreme deviation of the
infundibular septum and a ventricular septal defect
separated from the aortic orifice by the infundibular
septum, the size of the ventricular septal defect
was moderate.

In the left ventricle the infundibular septum was
found at the right side of the pulmonary orifice
narrowing the left ventricular outflow tract. At its
left anterior portion this outflow tract was obstructed
by a prominent anterolateral muscle bundle of the
left ventricle in 4 cases. As the infundibular septum
and the anterolateral muscle bundle were not
directly continuous as in the former 6 specimens, the
pulmonary orifice was situated directly against the
anterior left ventricular wall (Fig. 2a, 2b).

In 3 cases infundibular septum and anterolateral
muscle bundle were connected by a fibromuscular
spur extending between pulmonary and mitral
orifices at the posterior side of the pulmonary
orifice, in contradistinction to their anterior con-
nection in the former 6 hearts. Thus, there was no
pulmonary-mitral continuity. The subpulmonary
stenosis was moderate to severe; in 3 cases it was

associated with valvular pulmonary stenosis, once
in combination with a bicuspid valve. One of these
cases had a small second posteroinferior muscular
ventricular septal defect.

II: TRANSPOSITION OF THE GREAT ARTERIES
WITH VENTRICULAR SEPTAL DEFECT IN-
VOLVING RIGHT VENTRICULAR INFLOW
TRACT
The 8 specimens of this group had a ventricular
septal defect adjacent to the septal leaflet of the
tricuspid valve, a paratricuspid ventricular septal
defect (Moulaert, 1978; Moulaert et al., 1977). The
coexisting pulmonary stenosis varied considerably.
However, 4 hearts had remarkable and similar
mitral valves.

-Four specimens showed a variability in structures,
causing pulmonary stenosis. In 2 cases there was
narrowing of the left ventricular outflow tract
caused by a thickened anterior left ventricular wall;
one coexisted with an adherence of the anterior
portion of the anterior mitral leaflet to the ventri-
cular septum at the anterior side of the pulmonary
orifice, which aggravated the subpulmonary ob-
struction, and one was found in combination with a
discrete fibrous subpulmonary ring. In 1 case the
anterior part of the ventricular septum, which was
deviated to the left, was responsible for a subpul-
monary obstruction. In the fourth specimen the
stenosis resulted from bulging of the mid part of
the ventricular septum into the cavity of the left
ventricle, associated with proliferation of mitral
valvular tissue; in addition, the tricuspid valve
showed proliferations, protruding through the
ventricular septal defect. These 4 ventricular septal
defects varied from small to large. The pulmonary
stenosis was moderate.

In 4 specimens there was a cleft in the anterior
mitral leaflet and the septal tricuspid leaflet had
some continuity with this cleft leaflet through the
ventricular septal defect. At the same time, a left-
ward deviation of the anterior part of the ventricular
septum was found. This and the anomalous attach-
ment of the mitral valve to the anterior part of the
ventricular septum resulted in outflow tract
obstruction (Fig. 3a, 3b). The size of the ventricular
septal defect ranged from moderate to large. The
subpulmonary obstruction in these 4 cases was
moderate, one being associated with a valvular
pulmonary stenosis.

Discussion

In transposition of the great arteries with ventricular
septal defect many different types of pulmonary
stenosis can be expected, valvular as well as sub-
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valvular. In subvalvular pulmonary stenosis mus-

cular structures, fibrous rings, membranous
structures-either redundant mitral or tricuspid
valvular tissue or proliferations of the membranousRR0 septum-and abnormal attachments or connections

X. ..... may be responsible for the obstruction (Elliott et al.,
1963; Shaher et al., 1967a, 1967b; Daicoff et al.,
1969; Rastelli et al., 1969; Fisher et al., 1970;
Imamura et al., 1971; Quero-Jime'nez et al., 1973;

Shaher, 1973; Quero-Jim6nez and Perez Martfnez,
1974; Lancelin et al., 1975; Quero-Jimenez et al.,
1975; Shrivastava et al., 1976; Biihlmeyer et al.,
1977; Quero-Jimenez et al., 1977; Van Praagh,
1977). As any of these different types of pulmonary

stenosis can coexist with any type of transposition
of the great arteries with ventricular septal defect,
we shall not discuss these types: they are summarised
in Table 1. We restrict ourselves to those kinds of
pulmonary stenosis that, at least in our opinion, are

p > S i L related to either inflow or outflow development.
Our collection of 90 heart-lung specimens with

transposition of the great arteries and ventricular

septal defect is similar to those already described

elsewhere in that nonvalvulu pulmonary stenosis

was found in about 21 per cent of cases; other papers
have given percentages varying from 7 to 25

,~~~~.......... (Lev et aL., 1961; Elliott et al.., 1963; Shaher et al.,,
1967b; Paul et al., 1968; Imamura et al., 1971;
Shaher, 1973; Quero-jim6nez et al., 1977; Van

Praagh, 1977).
In this paper malalignment ventricular septal

defect is described in 11 out of 19 specimensFig. 3(a) Internor of thertghtventrrcle of a heart With (Tables 1 and 2). This is in agreement with pub-
transposition of the great arteries andparatricuspidli

ventricular septal defect. A, aortic orifice; T, tricuspid lshed figures: Ellott et al. (1963) reported 13 out
orifice. (b) Interior of the left ventricle; same heartas of 22 patients with this type of ventricular septal
Fig. 3a. The cleft anterior leaflet of the mitral valve is defect, Imamura et al. (1971) described 5 out of 10
anomalously attached to the anterior part of the ventricular cases, Shaher et al. (1967b) 6 out of 11 cases, and
septwn, which part is deviated leftward. M, mitral orifice; Van Praagh (1977) 17 out of 33 cases.
P, pulmonary orifice. The malorientation of the infindibular septum

Table 1 Relation of type and size of VSD to cause and degree of subvalvular pulmonary stenosis

No. of Ventricular septal defect Pulmonary stenosis
hearts

Type Size Narrowing structures Degree

MalalignmentVSD 6 Directly subaortic Moderatetolarge Infundibularseptum + ALM: Mostly severe
joining at anterior side of
pulmonary orifice;
valvular 2 x

MalalignmentVSD 5 Separated fromaorta Moderate Infundibularseptum + ALM: Moderate to severe
by infundibular right and left ofpulmonary orifice;
septum valvular3 x

VSD involving right 4 Paratricuspid Small to large Variable Moderate
ventricular inflow tract

VSD involving right 4 Paratricuspid with Moderate to large Cleft anterior mitral leaflet + Moderate
ventricular inflow tract cleft mitral leaflet deviated anterior part of

ventricular septum

ALM, anterolateral muscle bundle of the left ventricle; VSD, ventricular septal defect.
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Table 2 Leiden Registration Code, age at death and sex
by specimen in the distinct groups

Group Catalogue No. Age at death Sex

IA WK 3403 26 d F
3633 16 y M
4045 21 y M
4402 loy M
4731 4y M
6100 25y M

IB WK 2472 8 mth F
3328 3 y M
3371 2 y M
3856 10y F
5018 25 d F

IIA WK 1245 5 mth F
3570 3 mth M
4963 3 d M
5164 3iy M

IIB WK 435 4 mth M
884 ly M

4849 4 y F
6134 1 y F

leads to certain forms of subvalvular pulmonary
stenosis. This is in keeping with some of the
observations of Quero-Jimenez et al. (1973, 1975)
and Quero-Jimenez and P6rezMartinez (1974). How-
ever, we want to stress that two types of pulmonary
stenosis in malalignment of the infundibular
septum can be distinguished: (A) An extreme
leftward deviation of the infundibular septum
results in pulmonary stenosis, caused by the
infundibular septum together with a prominent
anterolateral muscle bundle of the left ventricle,
joining at the anterior side of the pulmonary orifice,
which is displaced posteriorly. In the 6 cases of our
collection the pulmonary stenosis was mostly severe.

(B) On the other hand, our 5 cases with less extreme
deviation of the infundibular septum were found to
have pulmonary stenosis caused by an infundibular
septum and an anterolateral muscle bundle which
were separated from each other. The obstructed
outflow tract was situated between these two
structures, and pulmonary stenosis was less severe

than in group A. Specimens with a so-called
bilateral infundibulum or bilateral conus, that is
neither aortic-tricuspid nor pulmonary-mitral
continuity (Paul et al., 1968; Goor and Edwards,
1973; Quero-Jimenez and Perez Martinez, 1974;
Shrivastava et al., 1976), always showed a malalign-
ment ventricular septal defect, agreeing with the
findings of Shrivastava et al. (1976).

In 4 specimens with paratricuspid ventricular
septal defect the mitral valve was remarkable. The
pulmonary stenosis was caused by a leftward
deviation of the anterior part of the ventricular
septum together with an anomalous attachment of
the cleft anterior mitral leaflet to the ventricular

septum. This type of ventricular septal defect
resembles Neufeld's 'persistent common atrio-
ventricular canal type VSD', described in cases of
isolated ventricular septal defect (Neufeld et al.,
1961).
Abnormal attachment of mitral valvular tissue

to the ventricular septum in cases of transposition
of the great arteries with ventricular septal defect
and pulmonary stenosis has been described
previously in one specimen by Quero-Jimenez et al.
(1973) and Buihlmeyer etal. (1977) and in 4 specimens
by Rosenquist et al. (1975). A cleft in the anterior
mitral leaflet has been described as well in one case
by Layman and Edwards (1967), Shaher et al.
(1967b), and Quero-Jimenez et al. (1973). The
present study shows that these two abnormalities
of the mitral valve can coexist as was described in
no less than 4 cases with this combination of
anomalies. It must be stressed that a contribution
to the narrowing of the left ventricular outflow
tract in all these 4 specimens was brought about by
the condition of the mitral valve.

Similar abnormalities of the mitral valve were
observed in cases of transposition of the great
arteries without pulmonary stenosis. This will be
described in a forthcoming publication.
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